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MARKED UP COPY OF SUBSTITUTE SPECIFICATION WITH ABSTRACT SHOWING 
CHANGES MADE (WITHOUT CLAIMS) 



(a) TITLE: Dipping varnish-coated cooling housing jacket for an electric motor 
(b) CROSS-REFERENCES TO RELATED APPLICATIONS 

This application is a submission to enter the national stage under 
35U.S.C.371 for international application number PCT/EP2003/011590 having 
international filing date 20 October 2003. which priority was based upon German 
patent application DE 202 16 1 13.7 having a filing date of 18 October 2002. 

I 

(c) STATEMENT REGARDING FEDERALLY-SPONSORED RESEARCH AND 

DEVELOPMENT 
rNot Applicable) 



fd) REFERENCE TO AN APPENDIX 
(Not Applicable) 
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(e) BACKGROUND OF THE INVENTION 
L Field Of The Invention 

[0001] The invention relates to a coolable housing jacket for an electric 

motor, which takes the form of a moulded part manufactured by casting. To receive 
5 a coaxial or concentric intemal rotor/stator arrangement including windings and 
winding overhang, the housing jacket is formed with a through-passage which is 
symmetrical, concentric and/or coaxial with respect to a hypothetical motor axis of 
rotation. Cooling is realised by means of circulation of coolant through one or more 
cooling channels penetrating the housing jacket. 

10 

2. Description Of The Related Art 

[0002] For the prior art, we refer first to DE 199 49 140 Al, DE 199 39 760 

Al, DE 199 39 013 Al, DE 196 48 134 Al, DE 196 24 519 Al, DE 42 43 716 Al, 
DE 39 41 474 Al and US 50 84 642 A. 

15 [0003] A generic electric motor with liquid cooling is described in DE 100 

45 424. A housing jacket is formed hollow and is divided into plural channels 
through which coolant flows. On both sides of the electric motor in the respectively 
associated end shield is a connecting channel for the supply of cooling liquid fi-om 
the housing jacket into the end shield. The end shield inner cavities are thus fiilly 

20 filled with cooling liquid, so that the bearings and couplings for pumps to be driven 
are cooled and simultaneously lubricated. The end shields are manufactured 
separately from the housing jacket as individual castings. As cooling liquid, 
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hydraulic oil or water are mentioned, from which any impurities are removed by 
filtering in order to prevent blockage of the channels in the electric motor. However, 
the problem of corrosion is not addressed, and this is serious in the case of an 
aluminium housing jacket cooled by water which may become contaminated with 
5 dirt and impurities. There is a risk that then the aluminium may oxidise and corrode 
very rapidly. This then leads to intemal rusting of the cooling channels and rust 
particles can become detached and block the cooling channel system. 
[0004] Although corrosion protection by cathophoresis dip-vamishing in 

connection with electric motors is described in DE 43 06 897 Al, it is hinted to 

10 subject the stator itself, without factual connection with motor cooling, to a 
cathophoresis varnishing process, in which a first base coat is applied. Then, 
compulsorily according to the specification, a second subsequent dipping process is 
necessary, by means of which a low-viscosity single- or multiple-component vamish 
resistant to chemical influences is applied as a sealing coat. This is meant to achieve 

15 sealing of any pores and gaps remaining by the sealing coat, e.g. those that arise 
predominantly in comer regions or in the region of the starting copper after the 
application of the base coat, and hence the oxidation-resistance should be increased 
and corrosion of the stator and rotor materials excluded. Thus corrosion protection 
should be achieved for electric motors running in water, which act as a drive element 

20 for pumps, in particular split-pole motors. 

[0005] The object of the invention is to increase the service life and 

reliability of the coolant flow circuit and of the whole cooling system of an electric 
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motor with a coolable housing jacket of the type mentioned in the introduction. To 
achieve this, the coolable housing jacket indicated in Claim 1 is proposed. Further 
details and advantageous embodiments of the invention will appear from the 
dependent claims. 

5 

(f) BRIEF SUMMARY OF THE INVENTION 
[0006] According to the invention therefore at least the inner faces of the 

housing jacket and in particular the surfaces of the inner walls of the cooling 
channels worked therein are coated by means of the dip process, in particular a 

10 cathodic dip-vamishing process or cathophoresis varnishing for corrosion protection. 
Such processes are known per se from the motor vehicle industry. 
[0007] With the invention the advantage can be achieved that cooling liquid 

or water even of poor quality, in particular containing aggressive impurities, can be 
used for cooling the in particular cast-iron housing jacket. The dipping varnish 

15 applicable by the cited cathodic dip-vamishing process is in particular mechanically 
very hard and can prevent the cast iron, in particular aluminium, which is sensitive to 
aggressive cooling water, of the housing jacket from corroding. With the cathodic 
dip-vamishing process, a coating is achievable which is very resistant even to water 
containing chemically aggressive impurities. 

20 [0008] According to a particular embodiment,, for the (electrolytically) 

deposited dipping varnish, epoxyaminourethane is used as a chemical basis. The 
cast housing jacket preferably manufactured from aluminium acts as the negatively- 



5 



poled cathode in the electrolytic coating process. The desired coating thickness, 
preferably between 10 |xm and Sp^im or 15 |xm and 40 |xm, is in this case set via the 
level of the dipping bath voltage and the time within which this voltage is applied. 
Within the scope of the invention, a varnish hardness (Bucholz-hardness according 
5 to ISO 2815 (DIN 53153)) > 80 is to be aimed at. 

[0009] According to an advantageous embodiment of the invention in which 

the housing jacket has plural housing jacket faces, in particular parallel end faces, the 
cooling channels are formed on at least a first housing jacket face with apertures 
which are fireely accessible on the outside. Therefore because the cooling channels 

10 open fireely on to a face of the housing jacket, upon dipping of the jacket into a 
vamish bath, the electro-dipping varnish can be applied via these cooling channels to 
the inner faces of the cooling channel system to be coated. Upon completion of the 
cathodic dipping process, the dipping liquid can escape quite quickly through the 
free apertures, or the housing jacket can be particularly easily emptied of the dipping 

1 5 liquid running out of these apertures. 

[0010] The possibility of emptying the dipping vamish is further enhanced if 

on the opposing, preferably integrally cast-on housing jacket face one or more bores 
or other perforations are formed. These can also be used to fill the housing jacket 
with additional cathodic dipping liquid and to drain the said liquid. Advantageously, 

20 the bores are provided with female threads so that for the normal cooling long-term 
operation of the corresponding electric motor or generator, it is easy to assemble a 
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sealing means on the integrally cast end face via sealing screws preferably provided 
with sealing rings. 

[0011] Further details, features and advantages on the basis of the invention 

will appear from the following description of preferred embodiments of the invention 
5 and from the drawings, which show: 

(g) BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0012] Figure 1, a perspective view of a cooling housing jacket according to 

the invention by way of example, 
10 [0013] Figure 2, a perspective view of the integrally cast end face of the 

housing jacket according to the invention in accordance with Fig. 1 , which is 
complemented by screwing on the cover device to the other end face to form the 
complete cooling housing, 

[0014] Figure 3, the complete housing according to Figure 2 in a perspective 

1 5 view of the end face provided with a separate cover device, 

[0015] Figure 4, in axial section an arrangement of the cooling housing 

according to the invention with the stator received therein for an electric motor, 
[0016] Figure 5, the arrangement in plan in the direction V in Figure 4, 

[0017] Figure 6, an end view in the direction VI in Figure 4, 

20 [0018] Figure 7, an end view in the direction VII in Figure 4, 

[0019] Figure 8, a diagram of the pressure ring acting as a cover device 

without the stator received and without stator windings, in a radial side view, 
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[0020] Figure 9, an end view in the direction IX in Figure 8, 

[0021] Figure 10, an end view in the direction X in Figure 8, 

[0022] Figure 1 1, a plan view in the direction XI in Figure 9, and 

[0023] Figure 12, in a perspective diagram an enlarged, truncated detail of 



5 the region having the sealing device between the housing jacket end face and the 
opposing end face of the cover device or pressure ring. 

(h) DETAILED DESCRIPTION OF THE INVENTION 
[0024] According to Figure 1, the housing jacket 1 is manufactured as an 

10 integral aluminium casting with in all eight axially parallel cooling channels 2. The 
housing jacket 1 has in its interior a clear passage 3, which is symmetrical with 
respect to a hypothetical motor axis of rotation and which is used to receive a coaxial 
or concentric internal rotor/stator arrangement together with windings and winding 
overhang (as is also shown in Figure 4). The cooUng channels 2 extend parallel to 

15 the hypothetical machine axis of rotation (axially parallel) between a recessed 
contour 3a defining the passage 3 and the axially parallel outer wall 4 of the housing 
jacket 1. Two cooling channels 2 are provided, extending adjacent to one another, 
per quadrant of the circular circumference. Their ends are left open and freely 
accessible at a first housing jacket end face 5a of two parallel end faces 5a, 5b. As 

20 can also be deduced from Figure 2, the cooling channels 2 end at the second end face 
5b at a respective cast wall 6 or are cast closed at this point. Consequently, it is not 
possible for coolant or cooling liquid to escape via the second end face 5b. Coolant 
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can be supplied via an inlet aperture 7 to the end of a first cooling channel 2a lying in 
the region of the second end face 5b, the inlet aperture 7 being formed on a 
longitudinal upper face 8 and in a comer region bordering the second end face 5b as 
an inlet channel 9 extending transverse to the axially parallel direction optionally 
5 with a deflecting chamber for deflecting the flow 10 through 90^. Accordingly, on 
the longitudinal upper face 8 in the opposite comer region, likewise an outlet 
aperture 1 1 is formed on the second end face 5b and communicates via a 90^-flow 
deflection 10 with the last cooling channel 2h ending in the region of the second end 
face 5b. Corresponding to the inlet channel 9 in the case of the inlet aperture 7, the 

10 outlet aperture 11 has an outlet channel 12, likewise penetrating the longitudinal 
upper face 8, and extending transverse to the axially parallel direction. 
[0025] To form the closed cooling circuit, 180^-flow deflections 13 must 

take place at the first end face 5a between the open ends therein of two adjacent 
cooling chaimels 2a and 2b, 2c and 2d, 2e and 2f, and 2g and 2h respectively. These 

15 altemate with 90°-flow deflections 10 respectively on the opposite, second end face 
5b within the cast wall 6 integrally cast there (for the sake of clarity, this is only 
shown in the regions of the inlet/outlet apertures 7, 11). Between the 90^-flow 
deflections (not shown) which do not take place in the region of an inlet/outlet 
aperture 7, 11, respective transverse ducts 14 extend within the cast wall at right 

20 angles to the cooling channels. The 90°-flow deflections 10 that do occur after the 
inlet 1 1 open into one of the transverse ducts respectively. Thus coolant flowing 
within the cast wall 6 of the second end face 5b can be conveyed from one quadrant 
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of the circumference to the respectively adjacent one. Each transverse duct 14 
connects the end of a cooling channel 2 lying in the second end face 5b to the 
cooling channel end lying likewise in the second end face 5b of an adjacent quadrant 
of the circumference. 

5 [0026] According to Figure 1 and 2, assembly and drainage bores 15 are 

formed in the second end face 5b, communicate respectively with one of the cooling 
channels 2b-2g or their ends and the transverse ducts 14 conmiunicating therewith 
(except the first and last cooling channels 2a and 2h respectively in the flow circuit) 
and penetrate the cast wall 6, thus leading to the exterior. They are advantageously 

10 provided with female threads in order to be able to fix holding elements for casting 
mould cores in the cavities of the housing jacket during the manufacturing and 
casting process. In addition, the liquid of a dipping vamish bath can run out through 
the bores 15 if the housing jacket is subjected to corrosion-resistant coating by a dip- 
vamishing process, in particular of its cavity surfaces (see above). The female 

15 threads (not shown) of the bores 15 may also be used to receive and fix sealing 
screws 16 (cf. Figure 6) provided with sealing rings in order to seal the circuit of the 
coolant against the extemal environment, for example when the motor is in 
operation. However, the first and last cooling channels 2a and 2h respectively do not 
conmiunicate with assembly and drainage bores, but as explained with the inlet and 

20 outlet apertures 7, 1 1, through which dipping vamish liquid can drain likewise after 
the casting process. 
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[0027] According to Figure 3, the apertures of the cooling channels 2 located 

on the first end face 5a are sealed against the outside by a separately formed sealing 
ring 17 (cf also Figures 9-11). This is fixed by means of a row of fixing screws 18 
encompassing the hypothetical axis of rotation to the abutting end wall of the 
5 housing jacket 1. An axially parallel side wall 19 of the housing jacket 1 is formed 
at the first end face 5a with an elongate rectangular recess 20, which together with 
the opposing pressure ring 17 defines a fi'ee aperture 21, which can be used to pass 
through cable terminals for the windings or the like. These must obviously be sealed 
against the flow circuit of the coolant. To this end, flat sealing bodes 22 (see also 
10 Figure 12 and the associated comments) are sandwiched between the opposing end 
walls of the pressure ring 17 and of the housing jacket 1. 

[0028] Figure 4 shows that the housing jacket 1 together with the pressure 

ring 17 fixed thereto coaxially encompasses a stator laminated core 23 or associated 
winding overhang 24. Details essential to the invention will be immediately 
15 recognisable to the practised reader of technical drawings fi^om Figures 4-7 without 
fiirther explanation, especially as corresponding parts have the same reference 
niunbers. 

[0029] Out of Figures 8-11 which shown the pressure ring 17, Figure 9 

shows the pressure ring end face which is remote firom the housing jacket according 
20 to Figures 1-3, whilst Figure 10 conversely shows the end face which in the mounted 
state abuts the opposite end wall or first end face 5a of the housing jacket. 
According to Figure 11, fixing bores 25 are formed in the upper face of the jacket 
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surface of the pressure ring 17, over which a terminal box or the like can be 
assembled. 

[0030] According to Figure 12, the housing jacket 1 is formed on the first 

end face on its wall opposite the pressure ring 17 with a receiving dip or recess 
5 which may be milled for example. The depth is such that the flat sealing body 22 
with a corresponding thickness 29 can find a seat. The purpose of this is that the 
ends of the two cooling channels 2g, 2h and the 180°-flow deflection 13 connecting 
the two in a deflection chamber 29 are sealed against the rest of the environment. 
The flat sealing body 22 forms a sealing wall 22 as it were for the deflection 

10 chamber 28gh. In this case it is within the scope of the invention slightly to pinch 
the flat sealing bodies 22 or to compress then between the pressure ring 17 and the 
opposing end wall of the housing jacket 1. To this end, the flat sealing bodies or 
seaHng walls 22 extend beyond the deflection chambers 28gh into the peripheral 
region between the mutually associated end walls of the pressure ring 17 and of the 

15 housing jacket 1. However, the compression need only be slight, because the butt 
joint 27 immediately following the receiving recess 26 in the transverse direction is 
formed by the mutual abutment of the respective metal wall faces of the pressure 
ring 17 and of the housing jacket 1. By means of the fixing screws 18, the sealing 
mutual abutment of the metal faces in the region of the butt joint 27 can be effected 

20 with a high level of contact pressure without unduly compressing the flat sealing 
bodies 22 and impairing their mechanical properties. This is because they have 
sufficient space in the receiving recess 26. On the other hand, the screwing of the 
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sealing ring 17 to the opposing wall of the housing jacket 1 creates "block-on-block" 
strength and stability. From Figures 2, 3, 5 and 12, it can be deduced that in the 
example shown four receiving recesses 26 each holding one sealing wall 2 with four 
butt joints 27 alternate along a row surrounding the hypothetical motor axis of 
5 rotation. From Figure 12 it can also be seen that the two cooling channels 2g, 2h 
there end at the first end face 5a in the common deflection chamber 28gh, which is 
defined and sealed like a wall by the flat sealing body 22. 
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[0031] 


List of reference numbers 
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housing jacket 


2, 2a-2h 


cooling channels 


3 


through-passage 


4 


wall 


5a 


first end face 


5b 


second end face 


6 


cast end wall 


2a 


first cooling channel 


7 


inlet aperture 
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last cooling channel 


8 


longitudinal upper face 


9 


inlet channel 


10 


90°-flow deflection 


11 


outlet aperture 


12 


outlet channel 


13 


180°-flow deflection 


14 


transverse duct 


15 


assembly and drainage bore 


16 


sealing screw 


17 


pressure ring 


18 


fixing screws 


19 


longitudinal face 


20 


recess 


21 


aperture 


22 


flat sealing body or sealing wall 


23 


stator laminated core 


24 


winding overhang 


25 


fixing bore 



26 receiving recess 

27 butt joint 

28gh deflection chamber 

29 thickness 
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ABSTRACT 

A coolable housing shell for an electric machine, which is produced as a cast part, 
accommodates a concentric interior rotor/stator arrangement, coils, and end windings, 
and comprises a clear, open, through passage that is embodied in a symmetric, 
concentric, and/or coaxial manner relative to an imaginary axis of rotation of the 
5 machine. Said housing shell is interspersed with one or several coohng channels so as to 
form a coolant circuit. The inner surfaces of the shell and the inner walls of the channel/s 
have a coating via a cathodic dipping varnish method. 
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